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Table 1 Parameters of RM2006.

Valu
Parameter

e
Mass(g) 90
Working voltage(V) 24
Working current(A) 3
Diameter (mm) 35
Length (mm) 44
Speed(rpm) 416
Torque(N-m/mA) 0.18
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Table 2 D-H parameters

N a (mm) @, (7) d(mm) 4(°)

1 0 90° 0 6,

2 L 0° 0 0,

3 0 -90° 0 0,

4 L 0° 0 0,

HHL & Nigz) = Ee TR, AR PIAT 1] 57 AR B B (1)

cd —sbca; SOsa; a,co,

1 sf.  cOco; —COsa; aso,

T = (1
0 sa,; ce, d,
0 0 0 1

FaveEF
s6, =sin(6,),sa; =sin(a; );
c6, =cos(6,),ca; =cos(a; )
SRJE B IR T 45 2 28 SO U AR i £ 7 R 2R Al bs 28 BRI AL AN STy
M, RVAR A 28 SR AL PR AR i A B 3R 5 51 AR AR R IE I8 822 R R (2)
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Figure 7 Kinematical modeling a)D-H coordinate system b) The position of the rope hole in
the coordinate system
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Figure 14 Variable stiffness rope drive manipulator experimental system
Table 4 Parameters of Variable stiffness rope drive manipulator.

Parameter Value
Working voltage(V) 24
Length of modular joint (mm) 104
Mass of modular joint (g) 118
Number of modular joint 4

Mass of Multiple modular joints(g) 472
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DOFs of manipulator 8
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Figure 18 Static stiffness experiment (a) The displacement changes of loading Og weight and
loading 100g weight (b) After strengthening the stiffness, the displacement changes of loading Og
weight and loading 100g weight (c) Before and after strengthening the stiffness, the displacement

changes of 100g weight
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Figure 19 Dynamic stiffness experiment (a) The normal trajectory (b) The trajectory of 100g
weight is loaded under normal conditions (c) Trajectory of 100g weight under stiffening condition

3. SR




£ 8 TRIREHLIN S = A8 R

(D) R4 _ERERR M A D) Re 75 2K, &7 solidworks —4ERIA U 8 AR,
X R 32 ) A AT anasys 704, S ATAEAKSZ 100N R, Z=EBAR N 7 AN
ARG L o

B i

Equivalent Stress

Type: Equivalent (von-Mises) Stress
MPa

B: b

Total Deformation
Type: Total Deformation
Unit: mm
Time: 1

2021/9/30 9:39

it:
Tirne: 1
202149730 9:40

0.87044 Max

1.6865e-5 Max 077372
14587e-5 0.67701
13117e-5 05803
1.1243e-5 048358
9.3695¢-5 038686
7.49582-6 020015
56217e-6 010342
374786

0.096717
1.1737e-6 Min

1.873%e-6
 Min

9 XRFHHR - MBI
SEUERBL I, BEE A FC A AT iy 32 52 7779 100N, N F3-78% 73 #r 4n
K9 o, sORALAEAE MG AN, HALRE 50y 0.87044mm, iz KN ) RiAE ]
FETEFEAL DY 1.6865MPa, HILL_ LMl FHL4ERELIIN 10N x4 2840 B -3 [ 24
BT R o
(2)4£ Matlab 3 AZ NI EEHLIRE R sh 2R AN 1 10 Bos, 25 simulink
TiHREY, RSN URE 2zl g i .

—)
. - —0
C’m.. = — (I .
. L J [
— 1! i 1 = ‘ =
~ T ioe [ T ] TTT " |
: D —1 C 1 - ™ =
L L (= [Scope h ” I} .
" L CX | ks B> o
' g R [ L= y
D o } o) —ll %) .
= A g 2 Y g
— fl ol ‘(,,,
N ¢ wul—y > i) Y scopez T &

SRR RE -

10simulink {5 &
(3) L Z KRB FAMIIES, RIS solidworks =4EMTY, i€ CAD
TYEIN TR, AR R BRETERROM, BURR. sRER. KN KA E
I7H) CAD BIZRIESE ] o347 CNC P0%], CNC KGRy A BIR . pir i S



11CNC hn TRxEF 4R+ B4R

(4) WR¥E LRES M AR, HE T RAMTERETE bR . REMTHERE
AP 2 VP — A RAM EZG R, 2T R W IT E LA R KRR T RN,
e RGN E BT AR E . R R G R AT R, SIS 4t an R gy
REFE A

HUES A o i S AN /N T 2kgs HUMRE B BHEEA/DN T 6.

MU 25 2% B0 KR 2 BB AN /N T 800N, 48 2R B KA Bl FE A /T dmm/s;

BRBZRIZHNE LN 0.1mm LR

(5) AT H AR DL EE SR s 20 T AR NI EEN U SERELan & 12 B
ZSEYIRENL ARG TR S50 I TF SR KRG TNRERIRTIE T, AT LB I
R E HIZ3 Y68 . SEYIFENL I LIRSS H 305y AR R EE 7. PC EAIHLER
PR K

& 12 SL4IREHL
(6) 7% NI FEE ATUAHURE 42 1) 22 G0 Eb A2 s 1) 35 RV A W 0050 2 2HL R, PR DA
O ML FER 2 STM32407 55 AL, H A HLEN CAN & 4 is 5 32 i L% 3)
RSN GERALFLAAL, 75 50k FATL H T 42 o) R0 5 % o1 SRR A FE LA i i
2, ST E LI SR IR, R SRS v, SR e d s AL TR A ke A



FUHLAC S AR R, ATt e 47 ] 288 2R PO AP AR A R R A U S5 i e s A2
fto STM32 H1 /7 Hlitid ADC(RA B R AR BL) R I BRI A5 5
R B AN T TSRSy &, By B o he e A U5 A PR HE
I ST HUE . [R5 e T B R R A AL IG5, B — IRk

N 0.72° , 2R

B e R A LA 7 ZORR R 2 K L A B

59 WAESMAERES R PC _EANLIFH_EAIHLSE SR (A RN T4
) 720 4 os R . P RS TT RN 13 FsPiR .

————————————— — ———— —— — ———— ——— — ————— — — ——

Control algorithm

Motes Jnint Doubde Poitien choed boop

System control

Curve plotting

Data

tran smission USAR:T

and reception

I
I
|

PC |

Monitor :

|
I
I
I

modeling

Kinematical

Stiffness
modeling

A

Slave Computer

e N

Control center

| Variable stiffness impedance control |

y

Industrial camera

Velocity Motor control
CAN
- I Tension control ][ Length control
Angle | Tension ]
Feedback Physical
o .
= rototype
Angle Tension : P yp
measur e measure || ) \’*
-‘- .‘ | | - |
| b AR
:R. \ m | a.»!:al
[ Conter angle | || [ADC tension : Rope-Joints
= 'y | space control

[ 13 $H RGBS R
(7D BEvH2 i RGUE f 2 R R I G 14 Fros

o — o — O —— 5 T — o — — " ——. - — - - — a— - - - o



I = 1 : I ~ 1 J 1 2 | z 1

FEL R e

14 TP
(8) Wil RSt s g 28 I B I an B 14 B o

£ BB B A I EE S50 R Bt

S
| S ¢

4.000000

=
T
s

IREEE
—_ ﬁ—} —
=l
EF
o+

15

=

(%]
T

S

&

I I #fFELFE oT0017

T | | N | mn
ol - — B | I IEE'

I . . i X ) N I 1 L I_I
_—Slj:gg_—m_—g_ﬂ_—m_—gg_—mz'l f FitEikag
ko OFEEH  OAREB || &

I : .
o 1 [coms -~ Bl e v OBl mame - I X O

__qr______—____l
=]

_%_ PR 115200 ) prglfy |1 =

15 il
() AWM EATHLIE 15 Fis.



